Objective. To compare the efficacy of autologous blood-derived products (ABPs), CSs and shock-wave (SW) therapy in the treatment of plantar fasciitis.
Introduction
Plantar fasciitis is a major cause of heel pain and corticosteroid (CS) injection is the most common treatment for this disorder. Several randomized controlled trials (RCTs) have demonstrated the efficacy of CS injections in providing immediate pain relief and normalization of plantar fascia thickness [1, 2] ; however, there are limitations with this treatment. In particular, some studies have reported different durations of pain relief, presumably due to the use of different injection regimens and needle-guiding techniques; and there can be complications, such as heel pad atrophy and rupture of the plantar fascia [3, 4] .
Shock-wave (SW) therapy is another common noninvasive method for treatment of recalcitrant plantar fasciitis, and several meta-analyses have documented its advantages over placebo treatments [5, 6] . However, the therapeutic response to SW therapy depends on the intensity, pulse cycle and SW modality (focused or radial) [5] . Injection of autologous blood-derived products (ABPs) that contain bioactive growth factors appears to be a promising treatment for chronic tendon disorders. Lee and Ahmad [7] first investigated this method for treatment of plantar fasciitis in 2007. Plantar fasciitis is considered a degenerative process rather than an inflammatory process, so ABPs are theoretically superior to CSs because they have the potential to stimulate tissue regeneration. Nevertheless, clinical trials that compared ABPs and CSs for treatment of plantar fasciitis have produced conflicting results. Although all three treatment options appear to be more effective than placebos in alleviating plantar heel pain, the most effective treatment is currently uncertain. Therefore, the present study aimed to undertake a network meta-analysis that compared the therapeutic efficacy of ABPs, CSs and SW therapy for the treatment of plantar fasciitis.
Methods

Trial selection
We identified eligible trials by an electronic search of PubMed and Scopus, from the earliest records to June 2014. We used PubMed because of its open access and comprehensive coverage of biomedical literature, and Scopus to confirm that all relevant articles had been retrieved [810] . The Cochrane Collaboration Central Register of Controlled Clinical Trials, Cochrane Systematic Reviews, ClinicalTrials.gov, bibliographies of included trials, and related meta-analyses and reviews were manually reviewed to search for additional references. Embase was not used because of unavailability in our hospital medical library, and we speculated that the influence on the search result was minor, due to similar index rates for Pubmed and Embase regarding orthopaedic medicine [11] . We included all published RCTs and quasi-experimental studies that compared the efficacy of ABPs, CSs and SW therapy for the treatment of plantar fasciitis. The key terms [plantar fasciitis, autologous blood, platelet-rich plasma (PRP), corticosteroid and SW] were entered as medical subject headings and text words for all searches.
Case reports, case series and single-arm, longitudinal follow-up studies were excluded. We focused on adults with recalcitrant plantar fasciitis with no history of antecedent trauma. Recalcitrant plantar fasciitis was defined as chronic plantar fasciitis for >3 months or plantar fasciitis failing to respond to conservative treatments. The diagnosis of plantar fasciitis was based on a history of plantar heel pain and tenderness over the medial calcaneus tubercle [5] . Each included multiplearm trial was required to examine at least two arms of the three treatments (SW therapies, CSs or ABPs), and the data from groups given other treatments were not included for analysis. For example, in a three-arm trial using SW therapy, CSs and saline injections, we only extracted the outcome in the SW therapy and CS groups and did not include the saline group in the network comparisons.
Radial and focused SW therapies were placed in the same category, and trials were included even if they used different imaging modalities to guide treatment. Reduction in pain [based on visual analogue scale (VAS) score] and treatment success were treated as the primary and secondary outcome measurements. In the 10-cm VAS, the score was 0 if there was no pain and 10 if it was the worst imaginable pain [12] . The included trials differed in their definitions of treatment success, but most used a decrease in VAS score or in heel tenderness of >50% from baseline. The treatment success was reported at the last follow-up point in each trial, in spite of variations in the follow-up duration. Since the functional scales used in each trial were substantially different, treatment success turned out to be the most important surrogate marker for evaluating patient satisfaction and functional improvement.
Data extraction and quality assessment After duplicates were removed, two authors independently reviewed all the articles and assessed whether an article was eligible for inclusion. Disagreement was solved by discussion and any controversy was resolved by the corresponding author. The extracted data included patient characteristics, treatment regimens, timing of treatment administration and details of outcome measurements. The quality of each RCT was evaluated by the Jadad scale, in which the aggregate score ranged from 0 to 5 points, and trials with scores <3 were classified as low quality [810] . The NewcastleOttawa scale was used to assess quasi-experimental studies by evaluation of the quality of selection, comparability, exposure and outcome. The maximum score was 9 points, and studies with total scores <4 points were classified as low quality [810] . Discrepancies between the two independent evaluations were resolved through discussion and consensus. Table 1 shows the results of the quality assessments. Indicates the follow-up time points that were used for the meta-analysis of successful treatment rates.
b
Indicates that quality scores were from the Jadad scale.
c
Indicates that quality scores were from the NewcastleOttawa scale. PRP: platelet-rich plasma; RCT: randomized controlled trial; SW: shock wave; TT: tenderness threshold; US: ultrasound; VAS: Visual Analogue Scale. The follow-up time points that were used for the meta-analysis of VAS reduction at Data synthesis and analysis Data were extracted from baseline measurements and at (or as close as possible to) 3 and 6 months after the initial treatment. A deviation of <6 weeks from the predefined 3 and 6 months was allowed. The mean change in VAS score (Á VAS ) from baseline is the primary outcome, and its standard deviation (SD VAS ) was estimated as previ-
, where CG and RG represent the comparator and reference groups, and n CG and n RG represent the number of patients in the comparator group and reference group.
The secondary outcome was the odds ratio (OR) of treatment success: the odds of satisfying results in the comparative group divided by the odds in the reference group [5] . Values exceeding 1 indicated better therapeutic responses. The rule of intention-to-treat was applied on the calculation of the S.D. of the change in VAS score. In the formula, the number of patients in the control group and the reference group is equal to the number on the initial treatment assignment and not on the treatment eventually completed.
Traditional pair-wise comparisons (ABPs vs CSs, CSs vs SW therapy, ABPs vs SW therapy) were conducted using Stata 12.0 (STATA Corporation, College Station, TX, USA) and a random effects model to account for between-study heterogeneity. The subgroup analyses were predefined, based on the study design (RCT vs quasi-experimental studies) and regimens of ABPs. Since the concentration of growth factors and cytokines is the major determinant of treatment efficacy of ABPs, data from the subgroup using PRP, a more potent concentrate of autologous growth factors, was extracted for analysis. Statistical heterogeneity across studies was quantified using the chi-square test (or the Cochran Q-test) and calculation of inconsistency
FIG. 1 Flow diagram for selection of studies
The prisma flow diagram for the selection of studies that compared the effect of autologous blood-derived products, CSs and shock-wave therapy in the treatment of plantar fasciitis.
(I 2 ), with a P > 0.10 considered to be statistically significant [13] . Begg's test was used to estimate publication bias, defined as the tendency for positive trials to be published and for negative and null trials to remain unpublished [14] .
Network meta-analysis was conducted by using WinBUGS Version 1.4.3, a Bayesian software package that uses Markov chain Monte Carlo techniques [5, 15] . The first 1000 simulations were discarded, and the posterior probabilities were estimated by implementing 200 000 simulations. Convergence of iterations was evaluated using the GelmanRubinBrooks statistic. The mixed-treatment comparisons were used to investigate the reductions in VAS score and the ORs of the treatment success by a random effects model. This analysis provided probabilities of being the best treatment based on direct and indirect comparisons of ABPs, CS injections and SW therapy. All P-values were two-sided, and P < 0.05 was considered statistically significant, except for testing of between-study heterogeneity.
Results
Characteristics of included studies
We identified 180 citations in the literature from electronic databases. Two additional articles were found through manual searches for references from Cochrane Systematic Reviews [16] and a narrative review of the related topic [17] . After removal of duplicates, the 110 citations were screened by title and abstract, and we assessed 18 of these for eligibility (Fig. 1) . The excluded studies were four single-arm trials that evaluated pain before and after PRP injection [1821], one RCT that did not measure pain by VAS score or therapeutic response rate [22] , one two-arm trial that compared PRP injections and dextrose prolotherapy [23] , one commentary of a published article [24] and one proposed study protocol that did not report outcomes [25] . The final meta-analysis included seven RCTs and three quasi-experimental studies. Four of the included studies compared PRP and CSs [2629] , two compared ABPs and CSs [7, 30] , three compared SW therapy and CSs [3133] , and one compared PRP and SW therapy [34] . Most of the enrolled studies employed head-to-head comparisons. In one four-arm RCT, we used data from two arms (in which patients were treated with ABPs or CSs), and excluded the remaining groups that received peppered injections [30] . In one three-arm RCT, we excluded the results from one group that was given conventional physical therapy [34] . The 10 enrolled studies had a total of 604 patients, 184 of whom were men ( Table 1 ). The average age ranged from 34 to 53 years. The follow-up period ranged from 3 weeks to 12 months, and the final assessment in most trials was at 6 months after the initial treatment. The most common CSs were triamcinolone and betamethasone, followed by methylprednisolone. ABPs and CSs were each administered as single injections in all trials. In studies of SW therapy, there were two or three treatment sessions, and the energy efflux intensity ranged from 0.02 to 0.42 mJ/mm 2.
Pair-wise meta-analysis Fig. 2 shows the between-group differences in pain reduction at 3 and 6 months, and the OR of treatment success. The standardized mean difference of VAS score reduction at 3 months was 1.20 (95% CI À0. 33 www.rheumatology.oxfordjournals.org substantial heterogeneity in therapeutic protocols and relatively smaller numbers of included trials, the subgroup analyses were not conducted in the groups receiving SW therapy or CSs. Separate analysis of studies that used PRP (Fig. 3) indicated that the standardized mean differences in VAS score reduction for PRP vs CS (reference) was 1.81 (95% CI 0.02, 3.60) at 3 months, 0.66 (95% CI 0.60, 1.92) at 6 months (Fig. 3) , and the OR of treatment success was 1.21 (95% CI 0.74, 1.98). All P-values (determined by Begg's test) were >0.05, and there was no obvious funnel plot asymmetry, suggesting no significant publication bias.
Network meta-analysis
Convergence of the network model was achieved by use of 200 000 iterations. Table 2 shows the standardized mean difference in VAS score reduction and OR of the treatment success. In agreement with the results of the pair-wise meta-analysis, the three treatments had no significant differences in either outcome measure. An advantage of network meta-analysis is that it allows estimation of the distribution of probabilities for each treatment upon each outcome measure. Thus, the probability of being the best treatment for pain relief at 3 months was 16.8% for CSs, 78.3% for ABPs and 4.8% for SW therapy. For pain reduction at 6 months, the probability of being the best treatment was 9.3% for CSs, 41.0% for ABPs and 49.6% for SW therapy. Analysis of successful treatment rate indicated that the probability of being the best treatment was 27.3% for CSs, 19.6% for ABPs and 53.0% for SW therapy (Fig. 4) .
Discussion
The present meta-analysis compared the efficacy of ABPs, CSs and SW therapy in the treatment of plantar fasciitis. The pair-wise comparisons indicated a trend favouring ABPs over CSs for pain reduction at 3 months, and a statistically significant difference in a subgroup comparison of PRP over CSs. Pair-wise comparisons indicated no significant differences in the three treatments in terms of pain reduction at 6 months and treatment success. Network meta-analysis indicated that ABPs had the highest probability of being the best treatment at 3 months. At 6 months, SW therapy was the best treatment, but was only slightly better than ABPs at that time. Notably, the difference in treatment success for ABPs and CSs was less than the difference in pain reduction for ABPs and CSs at 3 and 6 months.
The results of the network meta-analysis indicated that ABPs were likely to be the best treatment for pain reduction at 3 months. Among the between-group comparisons in pair-wise meta-analyses, only the point estimate of VAS score difference of ABPs vs CS exceeded 1.1 cm, the minimal clinically significant change on a 10-cm scale [12] . Thus, the findings of both analyses favour ABPs as the most effective regimen for pain relief from plantar fasciitis at 3 months. In addition, previous studies indicated a positive association between the biological benefits of ABPs and the amount of intra-serum growth factors, which are abundant in platelets [35, 36] . Therefore, we separately analysed patients receiving PRP injections. This subgroup analysis indicated statistically significant superiority of PRP over CSs, and confirmed that different ABP regimens have different efficacy in pain reduction. The network meta-analysis indicated that SW therapy had the lowest probability of being the best treatment for pain reduction at 3 months. However, this analysis might underestimate the true capability of SW therapy for initial symptom relief because the magnitude of pain reduction following SW therapy is proportional to the Although the confidence interval of the OR of treatment success of autologous blood-derived products versus CS did not cross the value of 1, only one randomized controlled trial was included in the pair-wise comparison. ABPs: autologous blood-derived products; RCT: randomized controlled trial; SW: shock wave; VAS: visual analogue scale. energy efflux density [5] , and most of the included trials used low-intensity SWs.
The network meta-analysis showed that SW therapy and ABPs had similar probabilities of being the best treatment at 6 months (49.6% vs 41.0%), but the probability that CSs were the best treatment at that time was only 9.3%. The pair-wise meta-analysis also indicated a small but non-significant advantage of ABPs over CSs at 6 months. Thus, both analyses indicate that CSs provide a less sustained benefit against plantar fasciitis, which is primarily a degenerative process. In contrast, SW therapy was least effective for pain reduction at 3 months, but most effective at 6 months. SW therapy is believed to relieve the pain associated with plantar fasciitis by destruction of sensory unmyelinated nerve fibres and elicitation of neovascularization in degenerative tissues [35, 37] . The small effect of SW therapy in pain reduction at 3 months might be due to incomplete sensory nerve denervation due to the use of low-energy SW therapy; the greater effect at 6 months may be due to the initiation of regenerative processes by neovascularization. ABPs and CSs also appeared to be less effective at 6 months than at 3 months, although SW therapy was more effective at 6 months than at 3 months. Previous research indicated that the injection dose of ABPs was positively related to therapeutic efficacy [10] . Thus, the use of single injections in most of the included studies may explain the reduced efficacy of ABPs at 6 months.
Analysis of the ORs of treatment success indicated smaller differences between the three therapies than the differences in VAS score at 3 months and 6 months (Fig. 4) . The discrepancy between treatment success and VAS changes may be because the data used for calculation of treatment success were from the last follow-up points, and this ranged from 3 to 6 months among the included studies. Although separating the endpoints of treatment success according to different timing is a preferable approach, the network analysis could not be performed because only two arms of treatments were available at each endpoint (Table 1) . Nonetheless, our analysis of VAS changes clearly indicated that the efficacy of the three treatments changed over time, and the data for treatment success further strengthened our points that therapeutic effectiveness was time dependent. In addition, there was significant variation in the different trials regarding the definition of satisfactory therapeutic response. Therefore, due to the considerable heterogeneity in assessment times and definitions of outcome variables among the included studies, we did not interpret the effects of the three treatments based on the ORs of treatment success. 
FIG. 4 Probabilities of being the best treatment calculated from the network meta-analysis
The probabilities that autologous blood-derived products (ABPs), CSs and shock-wave therapy were the best treatment for visual analogue scale (VAS) reduction at 3 and 6 months, and treatment success.
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The present meta-analysis has two major clinical implications. First, injections of ABPs (especially the PRP regimen) can be considered the best choice, and CSs can be considered the second-best option, for early pain relief in patients with chronic plantar fasciitis. If SW therapy is to be used, we suggest adjustment of the intensity to a higher level to provide better initial pain reduction. Second, SW therapy and ABPs provide better pain relief at 6 months, although multiple injections of ABPs may provide even better long-term pain relief.
Study limitations
There are some limitations in our meta-analysis. First, foot function is considered a crucial outcome variable, but some studies did not report this outcome, and the trials that did report functional assessments used different metrics. Although transformation of the different functional scales into effect sizes might allow head-to-head comparisons, we chose the mean VAS score difference and successful treatment rate, which are relatively standardized measurements, for our outcome analysis. Second, some of the included studies used quasi-experimental designs, which were of lower quality than RCTs. However, the inclusion of quasi-experimental research apparently did not distort our conclusions, because the results of subgroup analysis of the seven RCTs were compatible with the results from all 10 studies. Third, although the point estimates of pooled effect sizes show some discrepancy between direct and mixed treatment comparisons in ABPs vs SW therapies, a substantial part of their 95% CIs overlapped (Table 2) . Therefore, no significant difference can be identified between results from direct and mixed treatment comparisons. In addition, the result of direct comparison of ABPs vs SW therapies was derived from only one study [33] , leading to an increase in difference of point estimate between direct and mixed-treatment comparisons. Fourth, we did not enrol trials that merely used one of the three treatments (SW, CSs or ABPs) in comparison with placebos. The main reason was notable discrepancy in placebo treatments according to different therapeutic options, which made indirect comparisons through the connection of the placebo treatment less feasible.
Finally, the included studies had remarkable variation in injection regimens, therapeutic cycles, SW intensity and needle-guidance techniques, and this may explain why most of our comparisons were statistically insignificant. However, we identified some significant betweentreatment differences following subgrouping, highlighting the importance of selecting a specific regimen for ABPs, such as PRP.
Conclusion
The present meta-analysis compared the efficacy of ABPs, CSs and SW therapy in the treatment of plantar fasciitis. The results demonstrated that ABPs, followed by CSs, were best in providing early pain relief. However, SW therapy and ABPs provided better pain reduction than CSs at 6 months. The type of ABP regimen seems to affect treatment outcome, and PRP appears to increase treatment efficacy.
